Introduction
Soil erosion processes are highly active on agriculture land (Cerdà et al., 2007 ). Soil in Mediterranean-type ecosystems causes land degradation and triggers desertification (Oldeman, 1994; Shrestha et al., 2004; Cerdà et al., 2010) . Mediterranean lands are particularly prone to soil erosion due to high rainfall intensity, the steep slopes, soil poor nutrient content and low organic matter. Moreover, the amount of organic matter is closely related to the formation of aggregates which are a key factor on soil erodibility (Cerdà , 1996; Le Bissonnais and Arrouays, 1997) . Organic matter loss causes soil aggregates to break down easily and increases soil erodibility (Wu and Tiessen, 2002; Cantó n et al., 2009) . Soil erosion depends not only on soil characteristics, climate, and slope (Ruiz Sinoga and Martinez Murillo, 2009 ), but also on land use and cover plants (García-Ruiz, 2010) . In the Mediterranean, in particular, vineyards on hilly areas have the highest measured soil losses compared to rainfed cereals, olives, eucalyptus plantation or scrubland (Kosmas et al., 1997) . Such high erosion rates are primarily attributable to: (i) the bare soil under the vines for most of the year, especially during the rainy season; and (ii) the planting of vine rows along the fall line, which creates more favorable conditions for water runoff and sediment loss.
The range of soil erosion rates in vineyards is diverse due to the different land managements, climate conditions, parent material and soil properties, but generally the soil and water losses are usually high and always non-sustainable. De Santisteban et al. (2006) measured rates from 3.3 to 161.9 Mg ha À1 year À1 , depending primarily on the soil management systems. In vineyards, the most common soil management systems are tillage and chemical weeding with no tillage. Both systems result in bare soil during the whole year. Lasanta and Sobró n (1988) estimated that only 5% of the ground in an old vineyard is covered by cover plants during the rainy season and several studies under different environmental conditions have shown positive effects of vegetative cover for reducing water erosion (Cerdà , 1998) . Cover crops increase infiltration of winter rain into the soil profile (Folorunso et al., 1992; Gulick et al., 1994) . Vegetation also protects the soil surface from the impact of raindrops, reduces the energy of runoff, and stimulates the formation and stabilization of soil aggregates (Bouchet et al., 1999; Mataix-Solera et al., 2002; García-Orenes et al., 2005; Durá n-Zuazo and Rodríguez-Plequezuelo, 2008) .
Mediterranean crops favor high erosion rates. Vineyards use to reach the highest soil and water losses due to the lack of vegetation cover. A topographical approach by means of the use of vineyards poles as fixed reference point as erosion markers allowed to quantify high and non-sustainable soil erosion rates on the Sicilian vineyards during 9 years. In order to develop strategies to control the soil losses, seven land managements were selected and applied in a typical blanc wine grape irrigated vineyard located in southwestern Sicily. Comparable plots were managed traditionally using conventional tillage and alternatively using various cover crops: (1) Vicia faba; (2) V. faba and Vicia sativa; (3) Trifolium subterraneum, Festuca rubra, and Lolium perenne; (4) T. subterraneum, F. rubra, and Festuca ovina; (5) Triticum durum; and (6) T. durum and V. sativa. To estimate the soil losses the C factor of the USLE was calculated. And to monitor the water and sediment yield, Gerlach troughs were installed on the vineyard inter-row. Runoff and erosion were measured after each rainfall event from November 2005 to April 2007. Both runoff and erosion were significantly reduced when cover crops of T. subterraneum, F. rubra, and L. perenne; and T. subterraneum, F. rubra, and F. ovina were sown. The least effective management systems for soil erosion were conventional tillage and alternative management using the V. faba cover crop. Our results suggest that planting the appropriate cover crops provides an effective soil and water management system for Sicilian vineyards which will make sustainable the wine and grapes production under Mediterranean climate conditions. ß 2011 Elsevier B.V. All rights reserved.
Switching from conventional tillage to alternative cover crop management practices in autumn and winter reduce soil erosion and enhance the organic matter and microbiological function of soil (Quinton and Catt, 2004; Steenwerth and Belina, 2008; García-Orenes et al., 2009 , 2010 . In Sicily, experimental cover crop soil management suggests a benefit only during the fall and winter grape dormancy period, with cover crops being removed and buried no later than April to avoid such competition (Gristina et al., 2006) .
To monitor and predict the extent of soil degradation and to improve soil management and soil conservation planning is essential the quantification of sediment yield (Boardman and Poesen, 2006; Gristina et al., 2005) . Soil erosion assessment by means of experimental plots use to measure the soil losses during short periods of time. This is fundamental to understand soil erosion processes and their spatial and temporal variability. Under Mediterranean climatic conditions, where the erosion processes are controlled by the high magnitude -low frequency rainfall events the measurements on experimental plots use to do not show the long term soil losses. To measure the soil losses during a long period of time contribute to a better understanding of the soil erosion processes and is complementary to the measurements done in plots. In the present study, we propose the use of simple poles as fixed reference points against which soil loss is readily monitored and erosion rates in a longer period are easily determined simply by measuring the over-ground height of the poles. Using the plot method, we compare the effects of various cover crops and conventional tillage on soil erosion rates in vineyards. The purposes of this paper are: (i) to assess erosion rates during a 9-year period using vineyard poles as markers and (ii) to evaluate the role of conservative and alternative soil management in vineyards to control erosion risk testing the effectiveness of different cover crops. The comparison of the longer period and two-year data will shed light on the significance of these measurements.
Materials and methods

Study area
The research was conducted in irrigated vineyards located in Sambuca di Sicilia, in southwestern Sicily (37839 0 17 00 N and 13800 0 53 00 E). The vineyards selected for the study lie between 350 and 373 m.a.s.l.; the plot is located in an ENE facing slope. The climate in the area is typical Mediterranean with dry, hot summers and moist winters. Precipitation data from Sciacca weather station located 6 km from the site were used. Mean annual rainfall is 648 mm and means annual temperature is 17.4 8C with the mean monthly maximum in August (26.2 8C) and minimum in January (9.7 8C). Fig. 1 shows the mean temperature and rainfall for the period of runoff observation. From the implantation of the vines to 2010 the mean rainfall was 589 AE 175 mm. Soil was classified as Vertic Haploxerept according to Soil Taxonomy (Soil Survey Staff, 2006) with 58.3 AE 2.5% sand, 11 AE 1.47% silt, and 30.7 AE 2.32% clay (pipette method; Day, 1965) in the top soil (0-20 cm). The average organic carbon content was determined following the Walkley and Black (1934) method, is 7.81 g kg À1 .
Experimental design
The research was carried out in a 9-year-old vineyard of the Sauvignon blanc variety on a wet regime with a density of 5000 plants ha À1 and a row width of 2.2 m. The randomized block design with three replications is represented in Fig. 2 (first replication). Each cover crop was seeded on 3 inter-rows (2.2 m Â 3 m = 6.6 m) for a total of 21 inter-rows (3 inter-rows Â 7 7 treatments = 21 inter-rows) by replication. Cover crops were also seeded in the experimental site one year before the study period. Cover crops were chosen following certain criterions: plant adaptability, seed price and availability, speed emergence and soil cover. Soil and plant samples were collected in the middle inter-row. Rows were 140 m long with a slope of 15.9%. The inter-rows were managed with conventional tillage (CT) and alternative tillage using cover crops: (1) Vicia faba (VF); (2) V. faba and Vicia sativa (VV); (3) Trifolium subterraneum, Festuca rubra, and Lolium perenne (TFL); (4) T. subterraneum, F. rubra, and Festuca ovina (TFF); (5) Triticum durum (T); and (6) T. durum and V. sativa (TV). For CT, 3-4 ploughings per year, 0.15 m deep, were started after the first rain in September or October to bury weeds and aerate the topsoil. TFL and TFF were permanent meadows with a vegetative stasis during the summer period. Cover crops were seeded in October using special sod seeding equipment (1.60 m wide) and biomass was buried during the month of April by rotary tillage except for TFL and TFF which were allowed to establish permanent vegetation.
Soil loss quantification
In order to determine erosion rates in the vineyard managed by traditional farming, poles were used as erosion markers. In the studied vineyard an espalier structure was built using poles 220 cm in height. During plantation of vines (t i ), poles were carefully planted using a machine for pile driving to a standard depth of 60 cm and an intra-row distance of 5.0 m (Fig. 3) . After 9 years (t f ) pole overground height (h f ) was measured for each pole of three rows in the control plot, checking pole verticality before measuring. h f for each pole is the average of 15 measurements; measurement points were taken each 15 cm in the inter-row between two poles.
For each pole, the difference (h) between h f and h i (over-ground height at t i ) indicated the topographical change since the pole installation which is the soil erosion or deposition. With h-values interpolated using a polynomial curve, the soil erosion volume was equal to the polynomial area multiplied by the plot length. Soil bulk density was measured at 10 cm depth in three sampling points along the slop using the core method (Blake and Hartge, 1986) in order to transform the calculated volume into weight (Mg ha À1 ). Due to soil redistribution, patches of eroded and accumulated material were found. An area index was calculated between two consecutive poles using the equation below:
where h f,1 is the over-ground height of a pole at the present time and h f,1+n is the height of the next pole at lower elevation. The erosion index is >0 in a soil erosion area, <0 in a soil accumulation area and =0 when soil loss = soil sedimentation.
To monitor water and sediment yield in a short period, a 1 m wide Gerlach trap (Gerlach, 1967 ) with a 40 L deposit was installed at each treatment site on the vineyard inter-row. The vineyard rows and a bank on the top of the plot were used as a border. Runoff and suspended sediment concentration were measured after each significant rainfall event determined using a rain gauge (0.2 mm accuracy) from November 2005 to October 2007. Sediments were weighed after desiccation. The soil erosion rates were calculated from the runoff, the sediment concentration and the plot area.
Soil and plant analysis
Soil sampling was done at 0-20 cm depth for each plot. Samples were air dried and passed through a 2 mm sieve and soil organic carbon and texture were determined. These results were used to calculate the K factor using USLE. Dry biomass weight was determined on three 1 m 2 square area sub samples for each cover crop before green manure.
C-factor estimation
The USLE scheme was applied to estimate C-factor for each cover crop group:
where A is soil loss (Mg ha À1 ), R is rainfall factor (MJ mm ha À1 h À1 year À1 ), K is the soil erodibility factor (Mg ha h MJ À1 ha À1 mm À1 ), LS is the topographic factor, and P is the support practice. R factor was calculated using the Wischmeier and Smith equation; it is the average yearly sum of the products of the Kinetic energy (E = 0.119 + 0.0873 Â log10 I 30 ) of each storm times and the maximum intensity of the storm recorded in 30 min. K factor was determined from the following equation (Wischmeier and Smith, 1978) :
14 Âð12 À OMÞ þ3:25 ÂðSS À 2Þ þ 2:5 ÂðPP À3Þ 100 where M = (% silt + % very fine sand) Â (100 À % clay); OM is organic matter (%); SS is soil structure code used in soil classification (1-4) ; PP is the profile-permeability class (1-6). The P factor was set equal to 1 given that no support practice control was applied.
Statistical analyses
Data analysis was conducted using the SAS statistical package (SAS Institute, 2002) . After the normal distribution of the data was checked, analysis of the variance in the data was conducted according to the experimental design. A repeated measure analysis on the fifteen erosion events was carried out to stress different behavior of the cover crops over time.
Results
Nine years soil erosion rates
The differences between pole heights at t i and t f are illustrated in Fig. 4 . These data show the topographical changes in the vineyard plot managed with CT during 9 years. h value was not constant along the slope, but rather ranged from 0.25 to À0.40 m. The h value was 0.11 m in the upper slope part and 0.20 m in the middle of the slope part (50 cm from the top of the slop). I index varied from À0.06 (deposition area) to +0.02 (erosion area). As shown in Fig. 5 , the I index is <0 at the lower part of the row. But some patches within the slope where found with a positive value due to sediment deposition.
The total erosion volume during the 9 years was calculated as the difference between the erosion volume and the deposition volume for the whole plot. The mean erosion rate was 102.2 Mg ha À1 year À1 The erosion rates ranged from 86 to 118.5 Mg ha À1 year À1 . The higher erosion rates were found on the upper slope part and on the middle part, and the deposit sites on the lower position.
Biomass characteristics
The average biomass production over a 2 year period is presented in Table 1 . TV yielded more biomass than the other cover crops. Dry matter ranged from 4.67 AE 2.64 Mg ha À1 for VF treatment to 12.40 AE 4.10 Mg ha À1 for TV treatment. The average biomass production in the first year was lower than in the second year. Biomass weight in the first year was 30% less for all cover crops except for VF and VV treatments, which showed 65% and 68% greater biomass for the first and the second year, respectively. The most rapidly time of emergence was recorded for TFL and TFF, followed by T which covered 50% of soil before than other cover crops (see Table 1 ).
Soil and water losses
The main erosion sediment amount in each soil management tested was recorded in autumn and winter period, which are the rainiest seasons. Summer was always dry and no runoff was measured. Eleven erosion events were recorded during the first year while in the second there were 9 runoff events but only four of them contributed with sediment yield (Table 2 ). The average soil erosion rates varied from 0.77 to 8.57 Mg ha À1 . After two years (from November 2005 to October 2007), soil erosion rates were significantly reduced by cover crops relative to CT. Repeated measures (species vs. time) emphasized a highly significant interaction due to the characteristics of the different species (emergence, soil cover ability and total biomass yield, see Table 2 ). The TFF cover crop group decreased the soil losses by 76% compared to CT. The least effective cover crop group was VF with 39.6% reduction. Cover crops with VV, TFL, TD, and TV decreased soil erosion by 74.94%, 66.2%, 56% and 69.8%, respectively, compared to CT. The soil loss rates during the first year were higher than during the second year. From November 2005 to October 2006 (first year), it was observed that erosion ranged from 20.61 Mg ha À1 in VV cover crop to 88.71 Mg ha À1 in the control plot (Fig. 6) . During the second year soil erosion ranged from 0.10 Mg ha À1 in TFL plot to 31.4 Mg ha À1 in CT (Fig. 6 ). For runoff, significantly higher values for CT were recorded than for all other cover crops. From November 2006 to October 2007 (second year), cumulative runoff ranged from 56.63 mm for CT to 34.79 mm in VV cover crop management (Fig. 7) . Values of water runoff and especially of soil sediment deposition were quite different in the two years of study, depending on erosivity of rainfall. Soil erosion was higher in the first year; in particular, in autumn 2005 due to a short and intense storm (12.2 mm/10 min) resulted in severe runoff and sediment deposition in the bottom rows.
C-factor
C-factor values for each of the six different cover crop groups was calculated in order to compare the effectiveness of different land covers on erosion control (Fig. 8) . For all six cover crops the mean C-factor value was 0.18 with a standard deviation of 0.06. In two years the average of values ranged from 0.09 to 0.23. The treatment most effective for reducing sediment loss was TFF with a Cfactor value of 0.09 AE 0.045, followed by T treatment (0.11 AE 0.05). The highest C-factor was obtained with leguminous cover crops VV and VF due to their poor effectiveness to cover tickly soil surface. C-factor value of 0.23 and 0.21 were respectively recorded in VV and VF treatments. No significant differences were found between the first and the second year of observations, nevertheless cumulative rainfall was different. In two years of observations C-factor ranged from 0.18 to 0.29 for VF, from 0.17 to 0.23 for TFL, from 0.06 to 0.015 for TFF and from 0.12 to 0.20 for TV treatment. The lowest and the highest range were recorded in VV (0.22-0.28) and T cover crop treatment (0.07-0.019), respectively.
Discussion
Sicilian vineyards are prone to erosion risks. In a southwestern Sicilian vineyard managed with conventional tillage for 9 years, we used an innovative pole method to measure higher erosion rates in a longer period than those obtained using the Gerlach method. The pole method allows calculation of the absolute erosion and/or sedimentation along vineyard rows. In fact, the h values shown in Fig. 6 , define separate erosion and deposition areas each 5 m along the row on the slope row. Other commonly used methods to measure soil erosion rate include the well known universal soil loss equation (USLE; Wischmeier and Smith, 1978) and the revised USLE (RUSLE; Renard et al., 1997) . In studies where soil erosion estimates using USLE or similar models were compared directly with field observations (Azpizua, 2003; De la Rosa et al., 2005) , large errors exist. Both USLE and RUSLE model sets are derived from an extensive database but their general parameters contain uncertainty when applied to specific areas (Wang et al., 2001) . These parameters depend on other variables and change over space and time. Other methods to estimate soil erosion rates involve rare earth element oxide (REO) tracers using (Stevens and Quinton, 2008) or radioisotope tracing using cesium-137 (Quine and Walling, 1991; Ritchie (Walling and He, 1999) , or beryllium-7 (Matisoff et al., 2002) . Isotopic methods are expensive and require specialists. Biomarkers such as tree ring characteristics (Carrara and Carroll, 1979; Gartener, 2007) and exposed tree roots below the tree canopy (Biot, 1990; Schnabel, 1994; Gä rtner et al., 2001; Bodoque et al., 2002; Gä rtner, 2006) are also used to measure soil erosion rates. In vineyards, Casalí et al. (2009) and Vanwalleghem et al. (2010) used the graft point as botanical benchmarks. Such biomarkers are useful for long-term erosion quantification but are prone to errors due simply to the natural variability of plants. For example, when using exposed tree roots as a biomarker, large error is often introduced by estimating the original root depth, a metric of high variability in most plants (Schnabel, 1994) .
Our simple methods provide to obtain data on soil erosion in a longer period. Additionally it is an inexpensive method, does not hamper soil management practices and therefore could be applied to large scale.
In regard to higher soil erosion rates measured under soil conventional tillage management, some soil conservation system needs to be applied. In Sicilian vineyards, an alternative soil management system to conventional tillage involves the planting of cover crops. By means of a plot approach, it was demonstrated that sowing the appropriate cover crops can reduce soil erosion by 68% compared with conventional tillage. This result is not very different from those reported in other studies in the Mediterranean. In Spain for example, Marques et al. (2009) found that tilled rows lost an average of 1.059 g m À2 year À1 compared to 62 and 70 g m À2 year
À1
lost in rows planted with cover crops of Secale sp. and Brachypodium sp., respectively. Similarly, the results confirm that cover crops are a good soil conservation practice compared to traditional tillage and the magnitude of erosion volume reduction depends on the cover crop species. In this study, the lowest soil losses were found with TFF in both years, followed by TD, as highlighted by USLE cover management C-factors. The poor performance of VF alone in reducing erosion is due to its relatively low biomass production. Furthermore, established leguminous plants protect the soil from raindrop impacts in late winter and spring. Without any cover crops, soil is bare during the high-intensity rainfall in autumn. Permanent meadows are efficient for erosion control because of their characteristic of dense growths and fibrous root systems. Soil managed with TFF and TLF cover crops allow a continuous cover during the year. This is due to the fact that during the summer season soil is covered by the dry meadow biomass until autumn when the meadow seeds germinate and establish rapidly after the autumn rains. This constant ground cover during the year protects the vineyard soil from erosion.
Conclusions
An alternative soil management system based on planting of the appropriate cover crops between the rows of a vineyard effectively traps water and decreases soil erosion. In this study we tested six different cover crop groups applicable to the Mediterranean region and determined that a T. subterraneum, F. rubra, and L. perenne or T. subterraneum, F. rubra, and F. ovina provide the most effective ground cover for erosion control. Additionally, this study provides an innovative tool for measuring the annual erosion rate in vineyards. Determination of erosion in a longer period using pole heights is an easy and inexpensive method that can be used by grape growers to monitor soil erosion and by government institutions to establish future policies on land degradation.
